and EMI BF 4 all with a purity of 99% and a water content below 100 ppm were purchased from IoLiTec, phenol (>99%), formaldehyde (aqueous solution, 37 wt%), tetrahydrofuran, polytetrafluoroethylene (PTFE, 60 wt% in water), tetraethylorthosilicate (TEOS, 99%), L-lysine (98%), hydrochloric acid (37 wt%), potassium hydroxide, and sodium hydroxide were purchased from Sigma Aldrich, tetrahydrofuran (HPLC grade, >99.9%) and hydrofluoric acid (48-52 wt%)
from Fisher Scientific. All chemicals were used without further purification. Water was deionized (DI) on site to a final resistivity of >18.0 MΩ⋅cm, using a Barnstead Sybron purification system. Conductivity Measurements. Conductivity was measured using a custom-made conductivity cell, made of two temperature-controlled stainless steel plates and a Teflon spacer to hold the sample. The cell temperature was allowed to equilibrate at 25 °C for 15 min prior to measurements. Impedance measurements were carried out using a two-electrode cell with a Solartron 1255B frequency response analyzer and a SI 1287 electrochemical interface from Solartron (Farnborough, Hampshire, U.K. Viscosity Measurements. Viscosity was measured on a TA Instruments AR G2 rheometer using parallel steel plates separated by 300 µm. The shear rate was increased logarithmically from 1 to 100 rad/s, then decreased at the same rate with 5 s equilibration and 5 s integration per point. The viscosity was determined by averaging data points during the decrease in shear rate; see Figure   S1 . with increasing shear rate is followed by level measurements as the shear rate was decreased again. This behavior is associated with shear ordering. The average of the data obtained during the shear rate decrease was used as the final reported number for viscosity.
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Preparation of Three-Dimensionally Ordered Mesoporous (3DOm) Carbon
Preparation of Silica Spheres. Silica spheres were synthesized as previously described. 1 Briefly, a solution of L-lysine (70 mg) in water (70 g) was prepared in a 100 mL perfluoroalkoxy alkane round-bottom flask using a ¾ inch egg-shaped magnetic stir bar. While rapidly stirring, TEOS (5.4 g) was added dropwise and left to stir under ambient conditions for 1 h. This suspension was then heated in an oil bath at 90 °C while stirring at 500 rpm for 48 h under a condenser. TEOS (10.8 g) was again added dropwise in five equal portions, each 1 h apart, and the suspension was left for an additional 48 h. This was repeated once more for a total of 28 g of TEOS over the synthesis. The suspension was dried in a Petri dish at 70 °C overnight, then calcined at 550 °C for 6 h in air to remove residual organic components and form the colloidal crystal template. The final average silica sphere diameter was 38.4 ± 1.2 nm, determined by measuring over 300 separate spheres.
Preparation of Phenol-Formaldehyde Resol.
A phenol-formaldehyde (PF) resol was prepared according to an established method. 2 Briefly, phenol (61 g) was melted at 50 °C in a 500 mL glass round-bottom flask, followed by the addition of a 20 wt% aqueous NaOH solution (13.6 g).
An aqueous formaldehyde solution (37 wt%, 200 mL) was added dropwise while stirring. The solution was heated to 70 °C and left for 1 h while stirring at 300 rpm with a Teflon-coated magnetic stir bar to increase the extent of polymerization. The product was neutralized to pH ~7 using an aqueous HCl solution (0.6 M, ~30 mL). Water was removed through rotary evaporation at 40 °C, and the polymer was re-dispersed in THF to achieve a concentration of 50 wt%. After the NaCl precipitate was allowed to settle overnight, the solution was isolated by decanting. The resulting stock solution was stored in a refrigerator until use.
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Preparation of 3DOm Carbon. The 3DOm carbon was prepared following a literature procedure. 3 Briefly, the PF resol solution was vacuum infiltrated into the silica template (1:1 w:w) for 1 h at 40 °C, followed by cross-linking the resol at 120 °C for 24 h in a covered glass dish. The PF/silica composite was pyrolyzed under flowing nitrogen at 900 °C (1 °C/min ramp rate to 600 °C, then 5 °C/min to 900 °C). The silica template was removed through hydrothermal treatment in 6 M KOH for 48 h at 180 °C. The carbon product was isolated through vacuum filtration and washed repeatedly, then allowed to soak in DI water for 30 minutes, followed by additional washing until the pH of the effluent was ~7.
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3DOm Carbon Characterization
Transmission electron microscopy (TEM) images were obtained on an FEI Technai T12 microscope operated at 120 kV with a LaB 6 filament. Samples were prepared by suspending them in ethanol and bath sonicating for 15 min. Cu grids coated in Formvar were dipped into the resulting suspension and dried. The TEM images of the templating spheres and the 3DOm C product are shown in Figure S2 . Table S1 . The J cut-off value of 0.1 mA/cm 2 yielded unreasonably small potential windows for ILs and was not large enough to allow distinction of the redox peaks from the background current. This is evident from high standard deviations and poor data reproducibility at this J cut-off value. S-11
